Multiple experimental approaches have been used to assess the free-running period, or "tau," of humans. One approach has been to study circadian rhythms in free-running blind humans. For example, Sack et al. (1992) measured the plasma melatonin rhythm in 11 free-running blind people and reported an average tau of 24.55 h.
In sighted humans, at least 3 different experimental paradigms have been used to derive tau. First, tau has been measured in people free-running in temporal isolation. In the classic bunker experiments, Wever (1979) reported an average tau of 25.00 h in 147 subjects. During spontaneous internal desynchronization in 52 of these subjects, tau from core body temperature recordings shortened to 24.86 h (Wever, 1992) . Wever also noted shorter free-running periods in females, and longer free-running periods when subjects could alter light levels in association with their sleep, rather than sleeping in continuous ambient light. A background of constant bright light (3000-5000 lux) also lengthened tau (Wever, 1986 (Wever, , 1992 . When subjects in the same isolation units were permitted to nap, tau was shorter in 3 subjects who napped (24.22 h) versus 4 subjects who rarely napped (24.73 h; Campbell et al., 1993) . When groups of subjects lived in isolation units in dim light (<8 lux), but with knowledge of clock time, average tau estimated from 6-sulfatoxymelatonin was 24.36 h in 6 male subjects (Middleton et al., 1996) and 24.33 h in 10 male subjects (Middleton et al., 1997) .
Human tau has also been estimated during forced desynchrony protocols in which humans live in a lightdark (LD) cycle beyond the range of entrainment. It has been argued that tau derived from the classic free-running protocol is longer than tau derived from forced desynchrony protocols, because in the free-running protocol subjects stay awake during the phase-delay portion and sleep through the phase-advance portion of their light phase response curve (PRC), thus producing phase delays. By contrast in the forced desynchrony protocols light exposure is more equally distributed across each subject's light PRC (Czeisler et al., 1999) . When measuring plasma melatonin, temperature, and cortisol rhythms during a 28-h day, Czeisler et al. (1999) reported an average tau in 11 young males and 13 older females and males of 24.18 h. Hiddinga et al. (1997) measured core body temperature in 12 male subjects during a 20-h day and reported an average tau of 24.30 h.
A 3rd approach to estimating tau in sighted humans is through the use of ultradian LD cycles, which are also beyond the range of entrainment. Kripke et al. (2005) measured salivary melatonin and 6-sulfatoxymelatonin during 3 days of a 1.5-h ultradian LD cycle (60 min light, 30 min dark) in a sample of 62 young and 25 elderly humans and reported an average tau of 24.38 h.
There is still considerable interest in measuring tau, for example, in patients with circadian-based disorders such as delayed sleep phase type, and across the lifespan from adolescents to the elderly. Here we report on a method to estimate tau in sighted humans that is shorter and less expensive than the classic free-running protocol and the forced desynchrony protocols with long day lengths. Subjects lived in the laboratory on 2 different occasions, separated by During 1 session subjects were given melatonin or bright light, and in the other session either a placebo pill or no bright light, counterbalanced as previously described (Burgess et al., 2008; Revell and Eastman, 2005) . Here we report tau only from the sessions without bright light or melatonin ( Fig. 1 ). We also calculated tau from the subjects who had the placebo pill or no bright light first ("placebo 1st") and those who had it second (Table 1) , but there was no statistical difference between these groups (t(30) = 0.49, p = 0.63). These results are quite similar to those observed in other forced desynchrony protocols. Our average tau (24.22 h) is similar to the tau of young males reported by Czeisler et al. (1999) from the average of melatonin, temperature, and cortisol rhythms (24.18 h). In our sample, 12.5% (4 of 32) of the subjects had a tau < 24.0 h. This percentage is similar to the 9.1% (1 of 11) of young humans that Czeisler et al. (1999) first reported, but less than their more recent reports of 23.8% (5 of 21; Duffy and Wright, 2005) and 35.7% (5 of 14; Wright et al., 2005) . As in other species (Pittendrigh and Daan, 1976) , we found a significant association between tau and the phase angle of entrainment. Table 1 shows that there were significant correlations between tau and the baseline dim light melatonin onset (DLMO) to bedtime or lights-out interval. The correlation in the placebo 1st group of r = 0.53, shown in Figure 2 , is remarkably similar in magnitude to that reported by Wright et al. (2005) , which was r = 0.56. It shows that people with a shorter tau have a longer DLMO to bedtime interval, and begin their nighttime sleep episode at a later biological time. We believe the correlation for the placebo 1st group is stronger than the placebo 2nd group because the phase angle after treatment with melatonin or bright light may not have returned to baseline by the start of the 2nd laboratory session. There were very small and nonsignificant correlations between tau and bedtime or wake time in the 3 samples, also consistent with the findings of Wright et al. (2005) . Thus, the relationship between phase angle of entrainment and tau was stronger when DLMO was used as the circadian phase marker and bedtime (lights-out) was used to mark the time of the zeitgeber than when bed or wake time was used as the circadian phase marker and clock time was used to mark the time of the zeitgeber.
Despite the similarity between our results and the other forced desynchrony protocols, questions remain regarding the tau observed in our ultradian LD cycle. Average light intensity during the ultradian LD cycle was higher than the <20 lux used in the forced desynchrony studies mentioned above. It remains to be determined if the estimate of tau will change if the light levels in the ultradian LD cycle are lowered. It also remains to be determined if the estimate of tau will differ if humans experience the ultradian LD cycle for more than 3 days, because aftereffects from being released from entrainment could produce gradual changes in tau. Such aftereffects could also occur during other forced desynchrony protocols. Further research is required to address these issues. It could also be of interest to compare in an individual subject the estimate of tau derived from this ultradian protocol with an estimate derived from a forced desynchrony protocol, or observed in a free-running blind subject. Finally, if several individual subjects participated in the protocol at least twice, it would also be possible to assess the reliability of the tau estimates. Nevertheless, as it stands, our method can be used to compare tau among different groups, and is a less expensive and shorter experimental paradigm than forced desynchrony protocols with longer day lengths. This may enable more research laboratories to measure tau in humans.
APPENDIX

MATERIALS AND METHODS
Thirty-two healthy young subjects (14 men, 18 women; mean age ± SD, 27.4 ± 6.5 years) slept at home according to a fixed sleep schedule tailored to their self-reported habitual sleep schedule for a week before entering the laboratory. Across subjects, bedtime varied between 2200 and 0200 h and wake time varied between 0600 and 1000 h. Naps were not permitted. Each 5-day laboratory session consisted of a baseline phase assessment, then 3 days of a 4-h ultradian LD cycle, followed by a final phase assessment. The phase assessments were 21.5-24 h in duration, during which saliva samples were collected half-hourly in dim light (<5 lux) for later determination of the dim light melatonin onset (DLMO) as previously reported (Burgess et al., 2008) . After a 9-day return to sleeping on their fixed sleep schedule, the subjects repeated the 5-day laboratory session. During 1 of these laboratory sessions subjects were exposed to bright light or given exogenous melatonin pills, and during the other subjects received either placebo pills or were not exposed to bright light ("placebo session"). Here we report data only from placebo sessions.
The ultradian LD cycle consisted of 1.5-h dark/sleep episodes alternating with 2.5-h wake episodes in average light levels of 35.1 lux (<98 lux; light was measured at the eyes of subjects at their angle of gaze twice during each wake/light episode). Further methodological details have been reported elsewhere (Burgess et al., 2008) . The protocol was approved by the Rush University Medical Center Institutional Review Board and all subjects gave written informed consent prior to participation.
The DLMOs were calculated as previously described (Burgess et al., 2008) . Each melatonin profile was smoothed with a locally weighted least-squares curve. A threshold for each melatonin profile was calculated as the mean of 5 low consecutive daytime values (raw data points) plus twice the standard deviation of these points (Voultsios et al., 1997) . The highest threshold from the 2 profiles was then applied to both melatonin profiles for that individual subject. The DLMO for each profile was the point in time (as determined with linear interpolation) when the smoothed melatonin curve exceeded the threshold. As there were 4 days between the baseline and final phase assessments, the tau for each subject was estimated by dividing the shift in the DLMO by 4 and adding 24 h.
